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Background of the Invention 

This invention relates to coating compositions and ink recording media, especially 
adapted for ink jet printing, and methods for making the coating composition and recording 
media. 

Inkjet printers employ a plurality of jets connected to a supply of liquid based ink. The 
jets have small openings and can be energized to emit uniform liquid droplets of ink in a 
continuous stream upon demand. The jets are controlled to print characters or images on a 
moving flat surface, usually a sheet of paper. 

In order to improve print quality and ink drying time, many proposals have been made for 
coatings on paper to improve ink reception. For example, it is well known that paper can be 
coated with various absorptive pigments, binders and sizing agents. An aqueous suspension of 
these agents is applied to a paper or other substrate using conventional coating methods. 

An ideal ink receiving coating on paper will allow rapid absorption of the liquid 
component of the ink, which correlates to a rapid ink drying time, while preventing diffusion of 
the ink colors into the paper substrate. At the same time, the coating should cause the ink pigment 
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or dye to be fixed on the sheet surface in the form of well-defined dots of uniform size and shape. 
A correct balance of these properties is very difficult to achieve, especially at higher printer 
resolutions and smaller dot diameters. 

While a variety of acceptable coatings can be devised in theory, it is also imperative for 
the sake of economy that the coatings are capable of being applied uniformly to a base sheet at a 
high rate of speed using conventional coating equipment. Many of the known absorptive 
pigments, such as those based on powdered forms of silica, cannot be employed because an 
excessive amount of binder is required for processing at the solids content necessary to achieve 
the desired minimum coat weight. The suspensions become too thick or dilatant to allow 
pumping and uniform application using a conventional paper coater such as a blade coater. If 
lower binder levels are employed, this may also result in excessive "dusting" (defined infra) in 
the finished product. 

An ideal ink jet recording medium requires a finished product with a smooth, uniform 
finish, free of defects. Scratches, streaks, and other defects are commonly caused by grit 
(particles greater than 40 microns in diameter) in the coating composition. Grit also causes 
undesirable wear on coating blades and other application equipment. Grit is formed in the coating 
composition due to agglomeration of pigment particles and other ingredients. The particles tend 
to agglomerate under various conditions, including the presence of agents that are reactive in 
some manner with the pigment or other coating ingredients, such as cationic fixing agents and 
sizing agents. However, the use of such agents is desirable for overall product quality. 

Another condition that tends to increase the occurrence of agglomeration and, hence, grit 
is increasing solids concentration in the coating composition. In many prior art formulations, 
solids concentrations of above 15-25% were often not possible due to unacceptable levels of 
agglomeration. 



In many commercial applications, however, a high solids concentration is needed to 
produce a finished coat weight of about 7-13 gm/m 2 (5-8 lbs/3300 ft 2 ). Coat weights of this 
magnitude are difficult, and may even be impossible, to achieve using low solids content (15% - 
25%) coating compositions with standard coating application equipment. 

Low solids concentration coatings also have correspondingly high water contents, 
resulting in relatively large energy requirements for drying. 

For the foregoing reasons, an unfulfilled industry need exists for a high solids, i.e. 30% or 
greater, coating composition which remains relatively free from grit and which may be applied 
using standard coating equipment. 

Objects of the Invention 

It is an object of the invention to provide a method for making a coating composition and 
a recording medium adapted for ink jet printing that will rapidly absorb the liquid component of 
the ink, thereby providing rapid ink drying time. 

It is an additional object of the invention to provide a method for making an ink jet 
coating composition and recording medium that is interactive with ink jet dyes to fix the ink on 
the surface of the sheet without objectionable dye penetration or "bleeding" (erratic migration in 
the X-Y plane). 

It is a further object of the invention to provide a method for making an ink jet coating 
composition that has a high solids content, is substantially free of grit, and which may be readily 
applied to a base sheet with conventional coating equipment. 

A final object of the invention is to provide a sequential make down process whereby 
reactive agents may be added to the composition under conditions that prevent or minimize 
undesirable reactions with other agents and grit formation. 



Summary of the Invention 

An ink receptive coating is applied to one or both sides of a substrate. The substrate may 
be optionally precoated with a size solution before the ink receptive coating is applied. The ink 
receptive coating generally is comprised of a binder, a cationic fixing agent, an absorptive 
pigment, and a sizing agent. The coating contains a high concentration of solids, above 30% and 
most preferably in the range 35 - 38%, and is capable of being uniformly applied using standard 
blade type coating equipment. The ink jet recording medium of the invention provides superior 
ink jet printing quality. The invention further comprises methods for making the coating 
O formulation of the invention. 

*2 A preferred embodiment of a method of the invention begins with the dispersion of a 

nj suitable binder in water. Preferably the binder should not only provide strength in the applied 
SI 

© coating, but also function as a protective colloid in the coating makedown process. As a 

Q protective colloid, it prevents interaction of the various coating ingredients, and thereby allows 

OS 

[ y , the coating formulation of the invention to achieve high solids concentrations with substantially 

o 

Lk no grit. 

Although several suitable binders could be used, low molecular weight, partially 
hydrolyzed polyvinyl alcohol is preferred. A preferred dispersion process consists of dispersing 
the polyvinyl alcohol in water at 15% solids, heating the dispersion to 95° C, holding at that 
temperature (for at least approximately 30 minutes) until the polyvinyl alcohol has substantially 
dispersed, and then cooling the dispersion. 

Preferably, a cationic fixing agent is then added to the binder /water dispersion. A cationic 
charge is desirable in the coating composition to charge the pigment. Cationically charged 
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pigments hold more dye at their surfaces than pigments with anionic charges. A preferred 
cationic fixing agent is polycationic quaternary ammonium polymer. 

Preferably an absorptive pigment, or pigments, is/are then added to the 
binder/water/fixing agent dispersion. Preferred pigments are comprised of dry powders. The 
previously added cationic fixing agent acts as a dispersing aid, with the result that no dispersing 
agent is needed for combination with the pigment. The preferred pigment is an absorptive silica 
dispersed at a low pH, with silica gels being preferred. Coating compositions having a pH value 
of 4.0 - 7.5 have been found to give improved ink holdout over conventional coating 
compositions having pH values in the range of 8.0 - 9.0. The improved ink holdout results in 
better color saturation, reduced bleed through to the backside, less dark fade (defined infra), and 
better overall print quality. As will be appreciated by those knowledgeable in the art, silica gels 
with low pH values and high void volumes desirable for ink absorption are commercially 
available. 

An alternate absorptive pigment is calcined diatomaceous earth. Coating compositions 
with diatomaceous earth pigments can be made with high solids concentrations, i.e. greater than 
30%, and with good inkjet printing qualities. Although diatomaceous earth has good ink solvent 
absorptive properties, its use results in a coating composition having a pH value that is greater 
than 7. In addition, recording media with a high concentration of diatomaceous earth have been 
found to be undesirably abrasive. 

Additional pigments may be added for purposes of improving coating composition 
whiteness and/or rheology. Desirably, these pigments remain stable at low pH. Alumina 
pigments are one type of pigment that have both high whiteness and are stable at low pH. Also, 
alumina pigments have been found to improve rheology. A fluorescent whitening agent may be 
added as well to improve sheet whiteness. 



The coating composition of the invention also preferably includes a sizing agent. A 
preferred sizing agent is a styrene acrylic dispersion. In preferred formulations, styrene acrylic 
sizing agents have been found to substantially prevent spreading of ink jet ink droplets in the 
horizontal plane of the paper without significantly hindering vertical penetration into the coating. 
These effects promote the formation of desirably round printed ink jet dots, as contrasted with 
undesirable oval, star, or otherwise irregularly shaped dots. Further, by not hindering vertical ink 
penetration into the substrate, styrene acrylic sizing agents further achieve advantages in rapid ink 
drying time. 

In the preferred method of the invention, the order of addition of materials is important 

tear 

J with regards to the binder, the cationic fixing agent, the pigments, and the sizing agent. Although 
various orders of addition may be used, the most preferred order of addition substantially avoids 

ru 

SJ particle agglomeration. In particular, the cationic and sizing agents are interactive. If improperly 
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JL combined, they can agglomerate and cause formation of grit and rheology problems. It has been 
discovered that if the cationic fixing agent is added to the polyvinyl alcohol (or at least a portion 
thereof) in the initial stage of the coating makedown, prior to the introduction of the sizing agent, 
compatibility problems are substantially avoided. Further, if the sizing agent is added 
sequentially at the end of the makedown process, ink jet ink dry times are dramatically reduced 
and coating composition stability is improved. The polyvinyl alcohol binder can be thought of as 
protecting the cationic fixing agent from reaction with the sizing agent. 

It is possible to practice the invention using other orders of addition. It is possible, for 
example, to add the sizing agent early in the makedown process. For example, the sizing agent 
may be mixed with the binder dispersion before addition of the cationic fixing agent. It has been 
discovered, however, that adding the sizing agent last greatly improves ink jet ink dry times and 
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coating stability. Accordingly, the most preferred sequential order of addition is 1) binder, 2) 
cationic fixing agent, 3) pigment, and 4) sizing agent. 

The coating composition should preferably be cooled to a temperature of 49° C (120° F) 
or lower, and more preferably at or below 40° C (105° F), before addition of the sizing agent to 
further ensure good stability and rheology qualities. It has been discovered that these 
temperatures inhibit reaction between the sizing agent and other components, thereby preventing 
precipitation out of solution of one or more of these materials. 

A coating composition of the invention generally comprises, by bone dry weight parts: 

p 10-50 parts binder 

°J3 2-20 parts cationic fixing agent 

€j 100 parts pigment, at least 50% of 

*P which is an absorptive silica pigment 

^ 1-10 parts sizing agent 

jy 

SI 
€3 

g A preferred coating composition embodiment has a pH value of 4.0 to 7.5, a solids 

Q 

09 content of at least 30%, and comprises, approximately, in bone dry parts by weight: 

ru 

^ 40 parts low molecular weight, partially hydrolyzed polyvinyl alcohol 

P 10 parts polycationic quaternary ammonium polymer 

25 parts alumina trihydrate 

75 parts silica gel 

2 parts whitening agent 

5-8 parts styrene acrylic sizing agent 

The coating of the present invention thus provides a high solids composition that maybe 
uniformly applied to a substrate with conventional coaters. The coated ink jet medium of the 
present invention allows ink jet printing over a wide range of resolution (300 to 1400 dpi) with 
precise control of dot size, dot uniformity (freedom from print mottle), dot shape, and rapid ink 
dry time. The ink jet media of the invention offers superior resistance to water. Printed sheets will 
not generally run or distort when splashed with water. This is a distinct advantage over 
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conventional ink jet recording media. 

Further objects and advantages of the invention will become apparent from the following 
detailed description of preferred embodiments. 

Description of Preferred Embodiments 

The coating composition of the invention preferably comprises an aqueous suspension of 
binder, a cationic quarternary ammonium fixing agent, an absorptive pigment, and a styrene 
acrylic sizing agent. The formulation of the coating as well as the method of preparation provide 
a high solids content in addition to freedom from agglomeration and rheology problems, and 
therefore results in excellent runnability. 

The coating composition of the invention is applied to a substrate, for example, paper. 
When an ink jet ink is applied to the coated paper, the absorptive pigment particles absorb the ink 
solvent (primarily water) leaving the dyes on the surface of the particles. The cationic agent 
assists in fixing the dye on the surface. This results in rapid ink dry time and improved ink hold 
out and color density. 

A preferred embodiment of the coating formulation invention has a pH value of between 
about 4.5 and 7, and most preferably between 4.5 and 5.5. Although the precise technical effect is 
not fully known, it is believed that the acidic pH of the coating composition enhances the cationic 
function. Coatings at these preferred pH values have been found to have improved holdout of the 
ink jet ink dyes on the paper surface as compared to conventional alkaline coating compositions 
having pH values of 8.0 to 9.0. The improved holdout results in enhanced color saturation and 
better overall print quality. It also reduces dye penetration to the opposite side of the sheet and 
improves dark fade (fade that occurs when printed material is not exposed to light). 

Tests have been conducted on coating formulations of varying pH values. Coating 
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compositions were prepared in accordance with the invention using pigments and binders 
selected to result in low pH values. In additional samples, acid was added to further lower pH 
values. In still additional samples, a base (sodium hydroxide) was added to increase pH. It was 
found that when the pH of the composition is reduced to a value below about 4.0 the composition 
becomes unstable ~ the ingredients become less compatible and viscosity increases with time. As 
the pH is increased above about 5.5, to beyond a pH value of 7.5, the dispersion becomes 
similarly unstable, the viscosity of the composition becoming undesirably high. Accordingly, it 
has been found that a pH value in the range of about 4.5 to about 5.5 is most preferable. 

Polyvinyl alcohol (PVOH) is a preferred binder for the coating formulation of the 
invention. It is noted that as used herein the term "binder" is intended to refer to a material 
having a primary function of cohesion of the dried coating composition and adhesion of the 
coating composition to the substrate. Starches and latexes are also suitable binders and could 
provide satisfactory cohesion and adhesion strength. Most latex binders are incompatible with 
cationic fixing agents, however. Accordingly, if a cationic fixing agent is used, one must select a 
compatible latex. Also, many starches have lower binding strength than PVOH and would require 
excessive levels of use. Additional binders that may be useful in the practice of some 
embodiments of the invention are polyvinyl pyrrolidone; celluloses and modified celluloses, 
such as carboxy methyl cellulose, methyl cellulose, hydroxy ethylated cellulose, and the like; and 
polyvinyl acetates. 

Suitable polyvinyl alcohol binders include low and medium molecular weight, partially 
and fully hydrolyzed polyvinyl alcohols. Fully hydrolyzed products tend to be too water 
insoluble, give long ink dry times, and result in unstable viscosities. Medium molecular weight 
products can cause excessive viscosities and poor rheology. Thus, the preferred polyvinyl 
alcohols are low molecular weight, partially hydrolyzed. One such product is Airvol 805 from Air 



Products and Chemicals, Inc., Allentown, Pennsylvania. The binder component of the coating 
composition of the invention may comprise a plurality of materials. As an example, a useful 
binder may comprise polyvinyl alcohol in combination with a starch. 

Coating formulations of the invention further comprise a cationic fixing agent. It has 
been discovered that cationic pigments hold more dye at the surface than anionic pigments. Also, 
cationic fixing agents are more effective at low pH conditions than they are at alkaline pH values. 
The type of cationic fixing agent used is not critical as long as it is compatible with the other 
coating ingredients. The fixing agent must be effective at concentrating the dyes at the coated 
surface, provide satisfactory runnability on a blade coater (i.e., good rheology), and not adversely 
affect brightness. 

Useful fixing agents that meet these criteria may be selected from the group including 
acrylamide acrylic polymers and their derivatives, polyamines and their derivatives, polyethylene 
oxide, and allylamine polymers. Preferably, the cationic fixing agent is a water soluble polymer 
having a high percentage of cationic groups such as tertiary amino or quaternary ammonium 
cationic groups. Water soluble polycationic quaternary ammonium polymers, and most preferably 
polydimethyldiallyl-ammonium chloride, are most preferred in combination with silica pigment 
because the level of the agent may be varied substantially without flocculating the other coating 
ingredients. An example of this product is Conductive Polymer 261 LV available from Nalco 
Chemical Corp., Naperville, IL (previously available under the trade name Lectrapel marketed by 
Calgon Corporation, Water Management Division, Pittsburgh, Pennsylvania). The cationic fixing 
agent is added in an amount of about 4 to about 10 bone dry weight parts per 100 parts of 
pigment. 

Alumina pigments may be used for the combined effects of improved whiteness and 
rheology. For the purposes of this application, the term "alumina" is intended to broadly refer to 
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aluminum oxide [AI2 O3], aluminum trihydrate [Al(OH)3] and other conventional aluminum 
containing pigments. These pigments also provide some alkalinity, which is desirable for use 
with alkaline-stabilized ink jet dyes. Alumina pigments can be stable at both cationic and low pH 
conditions. 

Although several alumina pigments would work in the formulation of the invention, a dry 
alumina that can be added directly to the coating formulation of the invention and readily 
dispersed is preferred. One such product is Martifin OL-107 marketed by Martinswerk GmbH 
Bergheim, Germany. The alumina pigment readily disperses in the coating and is compatible with 
the other coating ingredients. The Martifin pigment, while increasing coating solids, improves 
rheology at the same time. Thus, inclusion of this pigment allows application by blade coater and 
achieves desirable coat weights of approximately 13 gm/m 2 at 35% solids. This pigment also 
provides an acceptable TAPPI brightness of 87 in a coating without fluorescent whitening agents. 

The preferred silica type pigments are well suited for ink jet printing due to their high 
absorption properties. When evaluating the characteristics of voids in silica pigments, it is 
important to distinguish between primary particles, secondary or agglomerated particles, and 
associated voids. The primary particles of some silicas agglomerate, that is, groups of primary 
particles cluster to form secondary particles. Other silicas lack agglomerates. Further, the 
structure of the primary particle may vary depending on the manufacturing process. Precipitated 
and gel processes produce porous primary particles, while the fumed silica process produces 
relatively small, glassy, non-porous particles. As a result, different void structures are created. 
Depending on the nature of the silica, there may be voids between secondary particles, voids 
between primary particles within the secondary particle structure, and voids within the primary 
particle. 

For purposes of the present application, the term "absorptive silica" is intended to refer to 
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a silica where the primary particles are porous and capable of absorbing water Also for the 
purposes of this application, the term "non-agglomerated" refers to a silica substantially free from 
agglomerates, i.e., the primary particles do not exhibit a tendency to cluster into secondary 
particles. Gel silicas are preferred as non-agglomerated, absorptive silicas, but some precipitated 
and hybrid silicas may also be non-agglomerated and absorptive. Generally, fumed silicas 
agglomerate and are not absorptive. For a further discussion of the properties of silica minerals 
see Withiam, Michael C., Silica Pigments for Ink Jet Printing, article presented at 1996 TAPPI 
Coating Conference, Nashville, Tennessee, May 21, 1996. Precipitated silicas, calcium silicates, 
and diatomaceous earth also have good absorption capabilities, but aqueous dispersions thereof 
have pH values that normally range 7.0 to 9.5. 

Silica gels are the preferred form of silica to be used as the pigment. When dispersed, 
some silica gels have pH values ranging from 3.5 to 1 1 .5, with many in the 4.5 to 5.5 range. The 
physical properties of commercially available silica gels are as follows: 



f3 2 

tg Surface Area 1 50 - 900 m 2 /g 

P Pore Volume 0.4 - 2.2 cc/ g 

Z Oil Absorption 35 - 300 gm/ lOOg (35 - 300%) 

pH 3.5-11.5 

Average Particle Size 2-17^ 



Inkjet print quality and coating rheology require a special set of properties. Silicas with 
high surface areas, above 400m 2 /g, are desiccants. Desiccants are unacceptable for coating 
formulations because they absorb moisture from the air and thereby reduce ink absorptive 
capacity. Silica gels with low pore volumes, less than 0.5 cc/g, are undesirable, as they exhibit 
insufficient water absorption capacity. High pore volumes are desirable for water absorption 
capacity, but volumes above about 2.0 cc/g give excessively high coating viscosities. Also, larger 
particle sizes are preferred for having high pore volume, but particle sizes greater than 16/u can 
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give poor coating rheology. Thus, the preferred properties of the silica pigment in the coating 

composition of the invention are as follows: 

Surface Area 340 m 2 /g 

Pore Volume 1 .2 cc/g 

Oil Absorption 180 gm/100 g (180%) 

pH 4.5 to 5.5 

Particle Size 10-12^ 

Pigments meeting these criteria include Syloid 620 and Sylojet P612 from Grace Davison, W.R. 
Grace & Co., Connecticut. Sylojet P612 is preferred as it has no particles of diameter greater than 
25^ that may cause scratches in the coating layer. 

A bright coating and one that is FDA approved for food packaging uses is desirable for 
many coated paper applications. Accordingly, FDA approved fluorescent whitening agents may 
prove useful for some embodiments of coating formulations of the invention. While many 
fluorescent whitening agents may be suitable to a certain degree, they must be stable in acid 
conditions and must be tolerant of the cationic coating to give optimum results. Most fluorescent 
whitening agents do not satisfy these criteria. A commercial example of a preferred FDA 
approved whitening agent that meets these criteria is Ciba-Geigy's Tinopal 5000, available from 
Ciba-Geigy Corp., Greensboro, NC. 

The preferred sizing agent for use in formulations having a silica pigment is of a styrene 
acrylic dispersion type. It is noted that as used herein, the term "sizing agent" is intended to refer 
to materials having a primary sizing function, i.e., to control spreading of ink drops in the X-Y 
plane on the coating surface. 

Suitable sizing agents of the styrene acrylic dispersion variety are Acronal PR8689 from 
BASF Corp. (BASF may have ceased production of this material); UniQ-Print 8000 from Sequa 
Chemicals, Inc; Chromaset 600 and Chromaset 800 Surface Sizing Treatments from Hercules, 
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Inc., Wilmington, Delaware; Cartacol CL liquid from Clariant Corp.; and Baysynthol AGP 
available from Bayer Corp, Pittsburgh, PA. Regardless of the brand of styrene acrylic sizing 
agent, the bone dry level of addition should remain the same. The amount of the sizing agent used 
will have a direct influence on the diameter of the dots that are printed by a given printer at a 
fixed resolution. Preferably, from 1-10 parts dry weight sizing agent are added per 100 parts 
pigment. Most preferably, about 7.5 parts are added. 

The sizing agent used may also affect ink drying time and stability of the coating 
composition. Use of a styrene acrylic dispersion sizing agent, particularly when added at the end 
q of the coating makedown process, has resulted in excellent ink drying times and good coating 
xJJ stability. "Stability" as used herein is intended to refer to the ability of a coating composition to 
remain in suspension with substantially no precipitation of solids or other grit formation. It is 

ru 

^Jj noted for instance that although starch may be a suitable sizing agent for some applications, 
q coating formulations using starch may have a short shelf life due to biological growths. 

m 

fij The order of addition of materials is important with regards to the binder, the cationic 

C3 fixing agent, the pigment(s), and the sizing agent. Although the order of addition may be varied, 
a preferred order of addition has been discovered to reduce grit, improve rheology, and improve 
stability. In particular, a preferred order of addition generally comprises 1) binder (or at least a 
portion thereof), 2) cationic fixing agent, 3) pigment, and 4) sizing agent. 

Suprisingly, it has been discovered that ink dry times and ink dot formation are 
dramatically improved by adding the styrene acrylic sizing agent at the end of the makedown 
process. The exact cause is not known, but it is believed that micron sized islands of sizing agent 
are formed in the dried coating surface. These islands permit the ink solvent to be rapidly 
absorbed, while limiting spreading of the dot on the plane of the surface. Tests show that dry 
times have been reduced from about 50 seconds to substantially instantaneous as a result of 
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adding the sizing agent at the end of the makedown process as opposed to addition at the 
beginning of the process. 

The cationic fixing and sizing agents are interactive. If improperly combined, they can 
agglomerate and cause formation of grit and rheology problems. The polyvinyl alcohol binder 
acts as a protective colloid for the cationic fixing agent against reaction with the sizing agent. By 
protecting the cationic fixing agent and the sizing agent against unwanted interaction, 
agglomeration and, hence, grit formation are substantially prevented from occurring in the 
coating composition. Thus, desirable benefits are achieved by mixing the polyvinyl alcohol 
binder (or at least a portion thereof ) with the cationic fixing agent prior to introduction of the 
sizing agent. It is noted that it is possible to prepare coatings of the invention by adding the 
polyvinyl alcohol binder in two or more portions. 

Also, the composition is preferably cooled to a temperature of at or below 49° C (120° F), 
and more preferably at or below 40° C (1 04° F) prior to addition of sizing agent to ensure that the 
sizing agent does not react with the cationic fixing agent. If the composition temperature is above 
49° C (120° F), it has been discovered that the cationic fixing agent or a reaction product thereof 
may cause the sizing agent to precipitate out of solution as the sizing agent is added. 

To achieve the desired coating properties and ink jet qualities, at the preferred low pH, 
silica gel pigment coating composition with sizing agent is preferably made down with the 
following order of addition while undergoing continuous high shear mixing: 
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Bone Dry 




Wet 


Weight 


Material 


Weight 


— 


Water 


35.7 


30 


Polyvinyl alcohol @ 15% solids 


200.0 


10 


Cationic fixing agent @ 40% solids 


25.0 


25 


Alumina @ 100% 


25.0 


75 


Silica pigment @ 97% solids 


77.0 


10 


Polyvinyl alcohol @ 15% solids 


67.0 


2' 


Fluorescent whitening agent 


2.0 


7.5 


Sizing Agent @ 47% solids 


16.0 



If polyvinyl alcohol (PVOH) is the selected binder, it should first be dispersed in water 



before beginning the make-down process. Preferably, the polyvinyl alcohol is cooked at 15% 
solids in water for at least 30 minutes at 95 °C. This cooking process completely disperses the 
polyvinyl alcohol in the water. Disperser speed may then be increased as required to add 
sufficient shear to disperse the alumina pigment. The disperser can be of any of the normal 
dispersing blades such as Cowles or Gaulin. Alumina can be rapidly added to the coating as the 
pigment is readily dispersed. 

After dispersing the alumina pigment for 10 minutes, the silica pigment is then added. 
The silica pigment should be added slowly into the vortex so it may be completely wetted out and 
dispersed before additional pigment is added. The disperser speed should be high enough to 
support a vortex into which the silica is added. Silica pigment added anywhere else but into the 
vortex may buildup on the tank wall and harden. It will not be properly dispersed. Both the 
cationic agent and silica pigment should be added at the indicated points of addition to avoid 
excessively high viscosities, incompatibilities, and grit formation. 



1 For the fluorescent whitening agent, the two parts listed are parts in liquid form as 
received from the supplier. 



16 



After the silica pigment addition is complete, the remaining polyvinyl alcohol and any 
additives, e.g., a fluorescent whitening agent, are added. The coating is then mixed for an 
additional 10-20 minutes depending on volume. The composition is then preferably cooled to a 
temperature at or below 49° C (1 20° F), and more preferably to at or below 40° C (1 04° F). After 
cooling, a sizing agent at about 47% solids is added to the make-down vessel. As mentioned 
above, it is preferred that the polyvinyl alcohol binder and the cationic fixing agent are mixed 
together and the composition be cooled before introduction of the sizing agent. The polyvinyl 
alcohol binder functions to prevent unwanted reactions from occurring between the sizing agent 
and the cationic fixing agent. Without this protective action, the cationically charged fixing agent 
may tend to attract sizing agent particles and interact with them, causing grit in the coating 
composition. 

After allowing at least several minutes under dispersion for mixing to occur, the coating 
composition is then ready for use. 

The solids content of the preferred coating composition suspension should be above 30%, 
and preferably above 35% to achieve coat weights of at least 7 gm/m 2 (5 lb/3300 ft 2 ) with 
conventional coating equipment. Desirably, the percent solids should be as high as possible to 
reduce the energy needed to dry the coating composition on the substrate. It has been found that 
above about 38% solids the coating composition of the invention is difficult to smoothly apply 
with conventional equipment. Solids content of 35-38% provides desirable coat weights of about 
10 gm/m 2 (7 lb/3300 ft 2 ). 

The present invention further comprises applying the coating composition of the 
invention to one or both sides of a substrate. The substrate may comprise a variety of types of 
paper webs or plastic substrates such as Mylar or the like. Paper webs may include groundwood- 
free sheets, groundwood sheets, or a combination thereof. The basis weight of acceptable paper 
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substrates may vary greatly, from very light Bible papers having basis weight of about 32 gm/m 2 
to heavy, specialty papers having basis weight of 450 gm/m 2 or more. Paper substrates may be 
uncoated, size press coated, or precoated, and the paper may be machine-glazed or machine 
finished. Depending on the nature of the substrate, a precoating or other treatment may be useful 
to reduce porosity, or to provide a better bonding surface for the subsequent coating, or to better 
prevent migration of the subsequent coating into the web. Preferably, rosin or other sizing is 
added to achieve 40 or less gm/m 2 /min Cobb Size to reduce penetration of liquid into the web. 
(Cobb Size is a standard test to determine the amount of water absorbed during contact with the 
p web and is measured in grams per square meter per minute.) 

yg One or both sides of the paper web may be precoated with size solution to provide 

-F 

H brightness and color and to provide sufficient holdout for the final coating. The precoating is 

3 

If applied in a conventional manner and may contain conventional pigments, binders and sizing 
q agents. Preferably, the TAPPI brightness is 85 or greater, and the TAPPI "b" color is equal to or 
fU less than 2. If the subsequently applied ink-receiving coat will be applied to only one side of the 
O web, a lightweight coating may also be applied to the other side of the web to minimize potential 
sheet curl. As will be appreciated, such coatings may be referred to as "anti-curl" coatings. 

The precoat may comprise conventional pigments such as clay, titanium dioxide, calcium 
carbonate and others well known to those skilled in the art. The binders may comprise starch, soy 
protein, latex and the like. A sizing agent may be employed such as rosin, starch and other known 
sizing agents. The base web is preferably sized at values less than 40 gm/m 2 /min Cobb Size, and 
the coat weight is in the order of about 3 to about 8gm/m 2 (2 -5 lb/3300 ft 2 ). 

A preferred substrate for cut-size ink jet papers comprises a low ash base stock made 
square (having similar cross-direction "CD" and machine-direction "MD" physical properties), 
having a basis weight of between 74 - 119 gm/m 2 . The base stock is size coated with a light 
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starch and pigment coating and dried prior to application of the ink receptive coating. 

A preferred substrate suitable for ink jet label paper comprises machine glazed 
("Yankee") 48 - 65 gm/m 2 base stock with a wet strength resin in the base sheet to prevent 
cockle, and that preferably has been internally sized to provide a Cobb Size of less than 40 
gm/m 2 /min. The ink receptive coating is applied to the machine glazed side of the sheet. The 
back side of the sheet is coated with a pigment-latex coating for anti-curl. 

After the web has been dried, the ink receptive coating of the invention is preferably 
applied over at least one side using a conventional coater, such as a trailing blade or rod, a roll 
O coater, a gravure coater, an air knife, a film press, or the like. After application, the coating is 
dried. The desired coat weight is at least 7 gm/m 2 (5 lb/3300 ft 2 ) and preferably 8-15 gm/m 2 
(5.5 - 10 lb/3300 ft 2 ). If the weight is significantly below 7gm/m 2 , the resulting paper will exhibit 
yQ less than desirable print quality and excessive ink penetration. After drying, the ink receptive 

s 

D coating layer will have a thickness of at least 8/u and preferably from about 8 to about 12/^. The 

l y » pigments in the coating provide an absorptive capacity for the liquid component of the ink to be 

Q 

^ applied, and the thickness of the coating layer is correlated to the absorption rate and, hence, ink 
drying time. 

Depending on resolution of the printer, the size of the dots to be printed ranges from 
about 75 to 160^. Inkjet printing of 1000 to 1400 dots per inch, when available, will require dots 
having a diameter of down to 40^u or less. The present invention contemplates the use of various 
binders and sizing agents, depending on the resolution needed for a printer. The binder level and 
sizing agents contribute to the control of dot diameter and other properties. 

In further illustration of the present invention, the following examples are presented. It is 
noted that in Examples 9-26 below, the listing of ingredients is not intended to specify an order of 
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addition. "Parts" in each example refer to bone dry parts by weight, except for the fluorescent 
whitening agent that is parts in liquid form as received from the supplier. For the purpose of the 
Examples, the below definitions are applicable: 
Hewlett Packard 560 Print Quality : 

Color Mottle: non-uniformity of ink density in the solid print areas. Rated from 1 

to 3 with 3 being best and having little or no mottle. 

Pigment Black Bleed: A general increase in printed line width. Rated from 1 to 3 

with 3 being best and having little or no increase. 

Dry Time: Time in seconds for 4-color black to visually dry. 

Epson Print Quality : 

Color Intensity: rated 1 to 9 with 9 being best and having most intense colors. 

Halftone Mottle: rated 1 to 9 with 9 being best and having no mottle. 

Cockle : the degree to which the sheet will deviate from its original flatness upon printing 
or having coating applied to it. "OK" or "poor" as observed. 

Scratch Resistance : The degree to which coating comes off the sheet when scratched with 
the fingernail. Rated from 1 to 5 with 5 being best having substantially no removal of 
coating. 

Tape Pull : A measure of the amount of coating that separates from the fiber and adheres 
to cellophane tape (3M 600 Scotch Tape) when tape is pressed on and then slowly (about 
5 seconds) pulled off at 90 degrees to the sheet. Rated from 1 to 5 with 5 being best and 
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having substantially no removal of coating. 



Dusting : The degree to which coating will come off the sheet when the sample surface is 
rubbed against a black sheet under standard pressure. Rated from 1 to 5 with 5 being best 
and having substantially no removal of coating. We also measure the optical density of 
the black paper before and after testing. 



Example 1 : 

An 86 gm/m 2 prime coated groundwood-free paper was used as the base sheet. The base 
sheet was coated using a conventional blade coater at a weight of 1 1 .5 gm/m 2 on the wire side. 
Two different compositions were madedown at 36% solids; one with 5 parts of the preferred 
sizing agent and one with 10 parts: 



Bone Dry Parts 


Materials 


30 


Airvol 805 low molecular weight, partially 


hydrolyzed polyvinyl alcohol polymer 


5, 10 


Chromaset 600 styrene acrylic dispersion sizing 


agent 


10 


Conductive Resin 261 LV cationic agent 


(polycationic quaternary ammonium polymer) 


75 


Grace-Davison Syloid 620 silica gel 


25 


Martifin OL-107 alumina trihydrate 


10 


Airvol 805 polyvinyl alcohol 


2 


Tinopal HST fluorescent whitening agent 



The dried sheets were then tested, the results were as follows: 
Wire Side Analysis: 

Parts Sizing Agent: 5 10 

Coat Weight (gm/m 2 ) 11.5 11.5 

Smoothness 

PrintSurf 8.29 8.30 

Hagerty 282 281 

Opticals 

Brightness 94.0 93.8 
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S 



"b" 


-2.2 


-2.2 


FWA Contribution 


6.3 


6.3 


Strength 






Tape Pull 


4 


3.5 


Scratch 


4 


5 


Coefficient of Friction 






Static 


0.95 


0.91 


Kinetic 


0.68 


0.66 


Epson Stylus Print Tests 






Intensity 


8 


8 


Half-Tone Mottle 


7.5 


7.5 


Total 


15.5 


15.5 


Average Density 


1.58 


1.54 


Hewlett Packard 560 Print Tests 






Ink Dry Time (sec.) 


51 


48 


Mottle 


2.5 


2.5 


Pigment Black Bleed 


2.5 


2.5 



While this formulation produced satisfactory results when made down in lab and pilot 
scale, it was less satisfactory on commercial production scales because of excessive grit 
formation. 

Example 2 : 

In Example 2, the ink jet receptor coating was applied by bench blade coater to the 
machine glazed side of 55 gm/m 2 base sheet manufactured on a Yankee paper machine. The base 
paper furnish was 100% chemical pulp, 70 SWK/30 HWK. Rosin size was added to manufacture 
Cobb Size target of 50 gm/m 2 /min (2 minute test). Wet strength resin was also added to give 8 - 
10% wet strength. The Kajaani formation was approximately 75. The coating solids was 35,5%. 
The coat weight applied was 11.5 gm/m 2 . The coating formulation and makedown procedure 
were as follows: 
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BD 


Material 


Xi Wet Basis 




Water 


38.3 




Airvol 805 PVOH (a) 15% 


200.0 




Reduce temnerature to < 1 15° F. 




10 


Conductive Resin 261 LV (a) 40% 


25.0 




Marti fin OL-107 Alumina (a) 100% 

iV_Ldl 11X11.1 A \J 1 niUlllilJtci \y~y 


25.0 


75 


Sylojet612 @ 97% 


77.0 


10 


Airvol 805 PVOH @ 15% 


67.0 




Reduce temperature to < 1 15° F. 




2 


Fluorescent whitening agent Ciba-Geigy's 


2.0 




Tinopal HST as received 




7.5 


BASF Acronal PR 8689 <& 50% 


15.0 1 



The paper properties were as follows: 



Machine Glazed Side 



o 


* Coat Weight 


11.5 gm/m 2 




* Smoothness 




ys 


PrintSurf 


8.07 


StBBS 


* Opticals 




m 


Brightness 


93.5 


S! 


"b" 


-3.9 


vfl 


Fluorescent Contribution 


6.2 




Opacity 


83.6 


P 


* Strength 




JO 

SB 3 


Scratch Resistance 


3 


IU 
M 


Tape Pull 


5 


B 


* Epson Stylus Print Tests 






Intensity 


7.5 




Half-Tone Mottle 


7.5 




Average Density 


1.59 




* Hewlett Packard 560 Print Quality 






Ink Dry Time, (sec) 


0 




4-Color Mottle 


2.5 




Pigment Black Bleed 


3.0- 



All properties were similar to Example 1 except ink dry times were much shorter (better). In 
addition, this formulation has no grit when madedown on commercial coating equipment. 
The improvements were due to the addition of the styrene acrylic dispersion sizing agent 
(ACRONAL PR8689) sequentially at the end of the makedown process. 



Example 3 : 

In this example, the same coating as in Example 2 was applied by bench blade coater 
to the machine glazed side of 60 gm/m 2 Yankee machine manufactured base paper. The 
furnish for this base paper was 100% chemical fiber, 50 SWK/50 HWK. The base paper had 
90 Kajaani formation, Cobb Size of 40 gm/m 2 /min (2 minute test), and 10% wet strength. The 
coating solids concentration was 34.5%, and the coat weight was 10 gm/m 2 . The paper and 
print properties were as follows: 

Machine Glazed Side 
p * Coat Weight 10.0 gm/m 2 

y[j * Opticals 

Ct Brightness 91.55 

"b" -1.48 

Fluorescent Contribution 4.7 

Opacity 85.8 
* Epson Stylus Print Tests 

Intensity 8.0 

q Half-Tone Mottle 8.0- 

gj Average Density 1 .54 
ffj * Hewlett Packard 560 Print Quality 

SI Ink Dry Time, (sec) 0 

S 4-Color Mottle 3.0- 

Pigment Black Bleed 2.5+ 

This 90 Kajaani formation machine glazed base gave improved print mottle with both the Epson 

and HP test prints, as compared to 75 Kajaani formation in Example 2. 



F 3 

PJ 
M 



Examples 4, 5, and 6 : 

Examples 4, 5, and 6 were prepared on a pilot coater. The base paper was the same as 
used in Example 3: 60 gm/m 2 machine glazed base with 90 Kajaani formation, 40 gm/m 2 /min 
Cobb Size, and 1 0% wet strength. The formulation and makedown procedure for Example 4 were 
the same as Example 3 except that fluorescent whitening agent Tinopal 5000 was used in place of 
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the HST. With this change, this formulation contained all FDA approved ingredients. The 
formulation for Example 5 was the same as Example 4 except that 7.5 parts Baysynthol AGP 
styrene/acrylic sizing agent was used in place of 7.5 parts Acronal PR8689. The formulation in 
Example 6 was the same as in Example 4 except that 7.5 parts Cartacol CL styrene/acrylic sizing 
agent was used in place of 7.5 parts Acronal PR8689. 

In Examples 4-6, the final coating solids concentrations were 35.5%. These coatings were 
applied to both sides of the machine glazed base, by dip roll inverted blade coater, in amounts of 
8 gm/m 2 to the back side and 11.5 gm/m 2 to the machine glazed side. The coating sequence was 
back side first, machine glazed side second. The tested properties follow: 
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Example 

Sizing Agent 



Acronal PR8689 



Baysynthol AGP 



Cartacol CL 



Coat Weight 



Back side /MG, gm/m 
Opticals 



Brightness 
"b" 

Fluorescent Contribution 
Opacity 



93.7/95.1 
-2.9/-3.8 
6.1/7.1 
86.6 



Smoothness 



PrintSurf 



7.53/7.41 



Strength Tests 



93.3/94.3 
-2.4/-3.0 
5.6/6.3 
86.9 



8.33/7.71 



93.3/94.5 
-2.5/-3.2 
5.8/6.5 
86.2 



7.88/7.64 



1 Scratch Resistance 


4/3.5 


4/4 


4/4 


| Tape Pull 


5/3 


5/5 


5/5 


| Dust Tests 


Rub Rating 


5/5 


5/5 


5/5 . 


| Density Change 


0.00/0.01 


0.01/0.03 


0.02/0.02 


| Epson 800 Print Quality 


Intensity 


7/7 


7.5/7.5 


7.5/7.5 


Halftone Mottle 


8/7.5 


8/8- 


8/8- 


1 Average Density 


1.55/1.50 


1.57/1.57 


1.58/1.55 


Hewlett Packard 560 Print 








| Quality 








1 Dry Time (sec.) 


0/0 


0/0 


0/0 


4-Color Mottle 


3-/3- 


3-/3- 


3/3- 


| Pigment Black Bleed 


3-/3- 


3-/3- 


2.5+/3- 



The quality of these samples was similar and excellent in every respect. The properties were 
almost identical to those of Examples 2 and 3. Thus, this formulation and makedown procedure 
gave similar results on both lab and pilot equipment. 



Example 7 : 

Example 3 was repeated using commercial makedown and application equipment. The 
coating was very stable, had substantially no grit, had good rheology, and it did not change with 
time. It was applied to the same base paper as used in Example 3. The coating was applied to the 
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machine glazed side at 1 1 gm/m 2 by fountain/inverted blade. The paper properties follow. 



Machine Glazed Side 





* Coat Weight 


11 gm/m 2 




*Opticals 






Brightness 


94.7 




"b" 


-3.9 




Fluorescent Contribution 


6.5 




Opacity 


o4.o 




* Smoothness 






Print Surf 


8.67 




* Strength Tests 






Scratch Resistance 


5 




Tape Pull 


4.7 




* Dust Tests 






Rub Rating 


5 


js-J 

*B 


Density Change 


0.04 




* Epson Stylus Print Quality 






Intensity 


7 




Half-Tone Mottle 


7.5 


pi 


Average Density 


1.59 


si 


* Hewlett Packard 560 Print Quality 






Ink Dry Time, (sec) 


0 




4-Color Mottle 


2.5 


5 

£33 3 


Pigment Black Bleed 


3.0 


iU 







O The paper quality was very similar to Examples 3 and 4 and was considered very good. 
Example 8 : 

Paper in Example 7, following the application of the ink jet receptor coating on the 
machine glazed, was then coated on the back side with an anti-curl coating. This back side 
coating was applied by the same commercial coating equipment (fountain/blade) as the ink 
receptor coating. The coat weight was 3.5 - 5.0 gr./m 2 . 
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Bone Dry Parts 


Materials 


80.0 


90 - 92 Brightness Clay 
Water to 50% Solids 


0.05 


Acrylic Dispersant 


20.0 


Hydrated Alumina @ 100% 
Disperse for 10 minutes 


15.0 


Starch @ 35% 


10.0 


Styrene/Butadiene Latex 


1.0 


Glyoxal Insolubilizer 


2.0 


Fluorescent Whitening Agent (as received 
weight) 

NH 4 OH -» pH 9.5 


0.14 


Alkali Sensitive Thickening Agent 
50% Solids 



The final curl as measured by a 12" square diagonal cross, X, cut in the paper was 1 .0 cm. 
to the back side. The back side opticals were as follows: 



Brightness 91.0 
"b" -L6 
Fluorescent Contribution 3.7 

This back side anti-curl coating had no effect on the ink jet receptor coating properties, as 

shown by the properties below: 



Ink Jet Receptor Properties: 
Opticals 

Brightness 94.8 

"b" -3.8 

Fluorescent Contribution 6.1 
Strength 

Scratch Resistance 4. 5 

Tape Pull 5 

Dust Test 

Rub Rating 5 

Density Change 0.04 

Epson Stylus Print Tests 

Intensity 7 

Half-Tone Mottle 7.7 

Average Density 1 .59 

Hewlett Packard 560 Print Quality 

Ink Dry Time, (sec) 0 

4-Color Mottle 2.5 

Pigment Black Bleed 3 .0 
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Example 9 : 

An ink receptive coating was applied by a laboratory bench blade coater at 12.2 gm/m to 

a 62 pound (100 gm/m 2 ) precoated, groundwood-free base sheet. The ink receptive coating 

composition was prepared at 35% solids and a pH value of 5.4 as follows: 

Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL- 1 07 alumina trihydrate 

50 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
6 Lectrapel cationic fixing agent 

Example 10 : 

Example 9 was repeated, with the coating composition as follows: 

Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
6 Lectrapel cationic fixing agent 



Example 11 : 

Example 9 was repeated, with the coating composition as follows: 

Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL- 1 07 alumina trihydrate 

30 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
6 Lectrapel cationic fixing agent 



Example 12 : 

An ink receptive coating was applied by a laboratory bench blade coater to the same base 
sheet as in Examples 9 through 1 1 . The ink receptive coating composition was prepared at 38% 



29 



solids and a pH value of 5.6 as follows: 



Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
4 Lectrapel cationic fixing agent 

Example 13 : 

Example 12 was repeated, with the coating composition as follows: 

Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

2 5 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
6 Lectrapel cationic fixing agent 



Example 14 : 

Example 12 was repeated, with the coating composition as follows: 



Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
10 Lectrapel cationic fixing agent 



Example 15 : 

An ink receptive coating was applied by a laboratory bench blade coater to the same base 
sheet as in Examples 9 through 14. The ink receptive coating composition was prepared at 35% 
solids and a pH value of 5.6 as follows: 



Parts Materials 

75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL-1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 



partially hydrolyzed polyvinyl alcohol 



30 



4 Lectrapel cationic fixing agent 



Example 16 : 

Example 15 was repeated, with the coating composition as follows: 

Parts Materials 
75 Grace-Davison Syloid 620 silica gel 

25 Martifm OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
6 Lectrapel cationic fixing agent 

Example 17 : 

Example 15 was repeated, with the coating composition as follows: 
Parts Materials 
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75 Grace-Davison Syloid 620 silica gel 

25 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
10 Lectrapel cationic fixing agent 



Example 18 : 

An ink receptive coating was applied by a laboratory bench blade coater to the same base 

sheet as in Examples 9 through 17. The ink receptive coating composition was prepared at 35% 

solids and a pH value of 5.6 as follows: 

Parts Materials 

90 Grace-Davison Syloid 620 silica gel 

O 10 Martifin OL- 1 07 alumina trihydrate 

J3 40 Airvol 805 low molecular weight, 

^ partially hydrolyzed polyvinyl alcohol 

4 Lectrapel cationic fixing agent 



Example 19 



ru 



n 



q Example 18 was repeated, with the coating composition as follows: 

f!j Parts Materials 

%f 90 Grace-Davison Syloid 620 silica gel 

O 1 0 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
6 Lectrapel cationic fixing agent 

Example 20 : 

Example 18 was repeated, with the coating composition as follows: 

Parts Materials 
90 Grace-Davison Syloid 620 silica gel 

1 0 Martifin OL- 1 07 alumina trihydrate 

40 Airvol 805 low molecular weight, 

partially hydrolyzed polyvinyl alcohol 
1 0 Lectrapel cationic fixing agent 



Each of the Examples 9-20 was tested for print quality and other factors. The results are 
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shown in table 1 . An explanation of each rating follows the table. Examples 9-11 were tested to 
explore different binder levels. The strength tests of tape pull and scratch resistance were 
evaluated. The results reveal that 30 parts of Airvol 805 polyvinyl alcohol binder (Example 1 1) is 
at the point of unacceptable strength, 50 parts is higher than needed (Example 9), while 40 parts 
provides acceptable to good results (Example 10). 

Examples 12-14, 15-17 and 18-20 were tested to evaluate the level of cationic fixing 
agent, in this case, Lectrapel (currently available as Conductive Polymer 261 LV from Nalco 
Chemical Co., Naperville, EL). Examples 12-14 were conducted at 38% solids, while 15-17 were 
^ conducted at 35% solids. Examples 18-20 were tested with a different mixture of pigments. In 
^ these three series of tests, print quality was evaluated. The tests showed increasing the level of 
u cationic fixing agent consistently improved print quality and strength, see in particular the 

ra 

N! increasing average density test results. Ten parts of Lectrapel fixing agent per 100 parts of 

*L pigment is optimum. Above 10 parts, it is believed that the coating composition becomes too 
00 

pj chemically interactive, developing viscosity changes over time that cannot be controlled. It is also 

Sj 

D noted that higher levels of Lectrapel extend ink dry times. 

A comparison of Examples 12-14 to Examples 15-17 shows the effect of the solids 
content. In particular the lower solids formulation used in Examples 15-17 showed consistently 
better ink dry times. A comparison of Examples 15-17 to Examples 18-20 illustrates the effects 
of the pigment mixture. Examples 15-17 are a 75/25 ratio of silica/alumina while Examples 18- 
20 are a 90/10 ratio. The 75/25 ratio exhibited consistently better strength and rheology. The 
90/10 ratio gave slightly better print quality and faster ink dry times. 
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TABLE 1 





9 | 10 | 11 | 12 | 13 | 14 | 15 16 | 17 18 | 19 | 20 


Formulation 




Syloid 620 


75 


75 


75 


75 


75 


75 


75 


75 


75 


90 


90 


90 


"Marti fin 
OL-107 


25 


25 


25 


25 


25 


25 


25 


25 


25 


10 


10 


10 


Airvol 805 


50 


40 


30 


40 


40 


40 


40 


40 


40 


40 


40 


40 


T ectrane) 
(Conductive 
Polymer 
261) 


6 


6 


6 


4 


6 


10 


4 


6 


10 


4 


6 


10 


pH value 


5.4 


5.4 


5.4 


5.6 


5.4 


5.2 


5.6 


5.4 


5.6 


5.6 


5.5 


5.2 


Application 
Solids 


35% 


35% 


35% 


38% 


38% 


38% 


35% 


35% 


35% 


35% 


35% 


35% 


Smoothness 




Printsurf 


8.19 


8.1 


7.96 


8.21 


8.20 


8.22 


8.04 


8.03 


8.07 


7.92 1 


7.92 


7.98 


Hagerty 


301 


274 


248 


266 


272 


278 


265 


270 


283 


263 


270 


278 


Strength 




Tape Pull 


5 


2 


1 


2 


4 


5 


1 


2.5 


4 


0 


1 


3 


Scratch 
Resistance 


5 


4 


2 


3.5 


3.5 


4 


3 


3.5 


4.5 


1.5 


1 


1.5 


Epson 
Stylus 




Intensity 


8 


7 


6 


8 


8 


8+ 


7 


7 


7 


7 


7 


7 


HTM 


8 


8 


9 


8 


8 


8 


8 


8 


8 


8 


8 


8 


Total 


16 


15 


15 


16 


16 


16+ 


15 


15 


15 


15 


15 


15 


Ave. 
Density 1 


1.56 


1.50 


1.40 


1.50 


1.53 


1.55 


1.46 


1.49 


1.53 


1.51 


1.52 


1.58 


Hewlett 
Packard 




Ink Dry 
Time (s) 


80 


21 


0 


40 


51 


96 


16 


33 


78 


0 


0 


25 


Mottle 


2 


1 


1 


1 


1 


2 


2 


1 


2 


2 


2 


1 


Pigment 
Black Bleed 


1 


1 


2 


1.5 


1 


1 


1 


1 


1 


2 


2 


1 


Rheology 


12.1 


8.9 


6.3 


16.0 


17.9 


19.9 


8.6 


8.9 


11.9 


11.3 


11.7 


14.2 



ry 

si 



00 

ry 

ss 



1 Average of six density readings: 2 Magenta, 2 Red, 2 Black 

2 Average torque 400" 1 sec , Hercules Viscometer DV-10 



Example 21 : 

A 52 pound (77 gm/m 2 ) precoated, groundwood-free paper was used as the base sheet. 
The base sheet was coated using a conventional blade coater at a coat weight of 1 1 .5 gm/m 2 
on both the wire and felt sides. The following coating composition was made down at 35% 
solids at a pH value of 5.3: 
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Bone Dry Parts 

75 
25 
40 

10 



Materials 

Grace-Davison Syloid 620 silica gel 
Martifin OL-107 alumina trihydrate 
Airvol 805 low molecular weight, partially 
hydrolyzed polyvinyl alcohol 
Lectrapel cationic agent (polycationic 
quaternary ammonium polymer) 
Tinopal HST fluorescent whitening agent 



The dried sheets were then tested, the test results were as follows: 



MO 



ru 



Li 

m 

D 

H 5 



Coatweight (gm/m ) 
Basis Weight (gm/m 2 ) 
% Moist. Content 
Smoothness 
PrintSurf 

Hagerty 
Opticals 

Brightness 

Lightness 



"b" 

FWA Contribution 

Strength 

Tape Pull 

Scratch 
Coefficient of Friction 

Static 

Kinetic 
Epson Stylus Print Tests 
Intensity 

Half-Tone Mottle 

Total 
Average Density 
Hewlett Packard Print Tests 

Ink Dry Time 

Mottle 

Pigment Black Bleed 



Wire Side 


Felt Si 


11.5 


11.5 


103 


103 


4.9 


4.9 


7.91 


7.89 


221 


224 


9^ 6 


93 4 

y -j ."t 


94.7 


94.9 


2.2 


2.0 


-3.1 


-2.9 


7.0 


6.6 


4.5 


4.5 


5 


5 


0.92 


0.87 


0.50 


0.59 


8 


8 


8 


9 


16 


17 


1.56 


1.55 


33 


0 


3 


3 


2 


2 



Qualitative 
Analysis 



(acceptable) 
(acceptable) 

(very good) 
(very good) 
(good, slight red 
tint) 

(good, slight blue 
tint) 

(very good) 

(excellent) 
(excellent) 

(acceptable) 
(good) 

(very good) 
(very good) 
(very good) 
(excellent) 

(very good) 
(very good) 
(good) 
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Example 22 : 

Sodium hydroxide (NaOH) was added to a sample resulting from Example 21 to raise the 
pH value to 7.5. This sample was then applied with a laboratory blade coater at 12.2 gm/m 2 to the 
wire side a 62 pound (92 gm/m 2 ) precoated, groundwood-free base sheet. After drying, the paper 
was print tested. The print quality was comparable to that of Example 2 1 , but the ink dry time for 
the 7.5 pH Example 22 sample was about 50% longer than the 5.3 pH sample. 



Example 23 : 

O An ink receptive coating was applied by a laboratory bench blade coater at 12.2 gm/m 2 to 

*S a 62 pound (92 gm/m 2 ) precoated, groundwood-free base sheet. The ink receptive coating was 
L | prepared at 32.7% solids and a pH value of 5.2, as follows: 

Materials 

Grace-Davison Syloid "C" silica gel 
1 7 u particle size 
2.1 cc/g pore volume 
Martifm OL-107 alumina trihydrate 
Airvol 805 low molecular weight, 
partially hydrolyzed polyvinyl alcohol 
Lectrapel cationic fixing agent 
Tinopal HST fluorescent whitening agent 
NaOH @ 20% 



Example 24 : 

An ink receptive coating was prepared as in Example 23, except that the pigment mix 
was varied to 50 parts of Sylojet C and 50 parts of Martifin OL-107. The pH value was 5.3. 

The Example 23 and 24 samples had comparable, acceptable print test results. Some 
adverse bleeding of the pigment black was noted. Example 24 had a longer drying time, most 
likely due to the lower level of silica gel. The coating layer strength as measured by the tape pull 



iji Parts 
60 

W 40 
y 40 



10 
2 

0.11 
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# # 

and scratch resistance tests were very low in both Examples 23 and 24. 
Example 25 : 

An ink receptive coating was applied by a laboratory bench blade coater at 1 0.5 gm/m 2 to 
a 62 pound (92 gm/m 2 ) precoated groundwood-free base sheet. The coating composition was 
prepared at 27.5% solids and a pH of 4.3 as follows: 
Parts Material 

75 Grace Davison Sylojet C silica gel 

17 u particle size 

2.1 cc/g pore volume 
25 Martifm OL- 1 07 alumina trihydrate 

20 Airvol 823 medium molecular weight, partially hydrolyzed 

polyvinyl 

20 Elvanol 9050 medium molecular weight, fully hydrolyzed 

polyvinyl 

10 Lectrapel cationic fixing agent 

Example 26 : 

A surface sizing agent was added to the coating composition of Example 25. 
Specifically, 1 0 parts of a styrene acrylic copolymer (MSA- 1 50 by Morton International) per 100 
parts of pigment were added to the composition. Print tests showed that the addition of the sizing 
agent significantly improved pigment black print quality, reducing bleeding. However, the 
Example 26 sample had longer ink dry time than Example 25. 

The methods of the present invention thereby solve many otherwise heretofore unresolved 
problems in an elegant and facile manner. For example, through a novel order of addition, a 
method of the invention provides a high solids coating composition that is substantially free from 
grit, has excellent ink dry times, and has excellent ink jet print characteristics. 

While the preferred embodiments of the present invention and representative examples 
have been shown and described, it is to be understood that various modifications and changes 
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could be made thereto without departing from the scope of the appended claims. For example, 
those skilled in the art will appreciate that materials equivalent to those specified may potentially 
be substituted within the scope of the invention as claimed. 
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